A new method for the assay of spent-fuel assemblies has been developed that eliminates the need for external isotopic neutron sources, yet retains the advantages of an active interrogation system. The assay is accomplished by changing the reactivity of the system and correlating the measurements to burnup.
INTRODUCTION
The assay of spent fuel is important for nuclear material safeguards.
It provides information for detecting diversion of special nuclear material and for ensuring criticality control of spent-fuel storage pools.
The information is also useful for process control in reprocessing plants.
Measurement techniques for the assay of spent fuel include passive gamma-ray and neutron methods and active neutron methods. Passive gamma-ray and neutron measurements can be correlated with burnup to verify the fissile material inventory of spent fuel.1
However, passive gamma-ray assay is not sensitive to the interior of the spent-fuel assembly and, therefore, cannot verify the integrity of the interior fuel rods.
Active assay has traditionally been considered to be the best assay method for spent fuel because it is the only technique that measures the fissile isotopes directly.
In this technique, an external neutron source induces fission in the uranium and plutonium Table I and geometry is shown in Fig.   3 . This fuel assembly is identical to that used for the experimental measurements.
The fuel assembly was divided into 225-unit cells, each 1.42 cm square by 120 cm long. The open cells (water) correspond to cooling channels and the fuel cells were a homogeneous mixture of fuel, cladding, and water. The speed and efficiency of the MCNP code were improved by homogenizing the unit fuel cell.
The calculation involved determining keff for the fuel assembly with the water reflector only and then determining keff for conditions where a 0.038-cm-thick cadmium sheet was placed next to one or more sides, 1.27 cm from the fuel assembly. The results of the keff calculation are shown in Fig. 4 
MEASUREMENT OF A SIMULATED SPENT-FUEL ASSEMBLY
The self-interrogation technique relies on the capability of changing the passive neutron emission rate by changing the multiplication of the fuel assembly.
We simulated a spent-fuel assembly by inserting a fission source into an unirradiated PWR fuel assembly.
The experimental configuration is shown in Fig.  5 .
The PWR assembly, identical to the assembly described in Sec. III (Table I) , was partly immersed in a 200-Q container of distilled water. The removable cadmium sheets were held in a supporting frame 1.27 cm from the fuel assembly. The cadmium sheets (0.038-cm thick by 21.6-cm wide by 76-cm long) were supported by a 0.156-cm-thick fiber glass sheet.
The thermal neutron detector and the epithermal neutron detector were 4-atm3 He gas proportional counters, 122-cm long by 2.54 cm in diameter. The epithermal neutron detector was surrounded by a 5.08-cm-diam aluminum cylinder wrapped with a 0.038-cm-thick cadmium sheet; the moderating material between the detector and the aluminum cylinder was water. Thermal neutrons (<1 eV) are absorbed in the cadmium sheet; epithermal neutrons pass through the cadmium, are thermalized in the water moderator, and then detected by the 3He detector. The first series of measurements consisted of inserting a 252Cf isotopic source (-3.5 x 104 n/s) into one of the cooling channels and observing the count rates in the thermal detector and epithermal detector with one cadmium sheet inserted. Additional measurements were made with cadmium sheets on more than one side. A comparison of the results between the measured changes and the calculated changes [Eq. (5) and Fig.   4 ] is shown in Table II . For the epithermal detection system, the calculated and experimental values show surprisingly good agreement. Evidently the average values measured and the simplistic derivation of Eq. (5) are reasonable approximations and adequately describe the behavior of the system.
The values in parentheses in Table II Fig. 6 . By comparing the keff value for a fresh assembly (0.84) to the data shown in Fig.  6 This self-interrogation method is applicable to the assay of any fissionable material that emits neutrons. In particular, the assay of plutonium-based materials is possible.
